Plasmonic integrated optics is an attempt to bridge the length scale gap between optics and nanometer scale electronic devices. Here we present a hybrid optical interconnect scheme which utilizes low loss dielectric waveguides for global interconnection and plasmonic structures for tightly confining light for local routing and mode manipulation.
Various optical interconnect strategies require low loss, high speed signaling, and efficient modulation and detection. Metals play a key role in both active and passive integrated optical devices often limiting device performance through loss. Surface plasmon polaritons (SPP's) are resonant excitations of thin metal films which represent a collective bound state of the free electrons with an optical EM field. They can confine light to extreme subwavelength metallic channels which allows for efficient routing of optical signals to nanoscale devices. This strong confinement of electromagnetic radiation comes at a cost, since SPP's are are intrinsically lossy with 3dB propagation lengths in 10-100 micron distance range. We will review a hybrid on-chip optical interconnect strategy that utilizes the interaction a single mode dielectric waveguide with the resonant SPP structures and discuss device applications in such a scheme. In the hybrid approach, low loss dielectric waveguides are used for global signaling, and highly confined, lossy plasmonic devices are used to manipulate and deliver sig- * some work performed at Components Research, Intel Corporation. nals to nanoscale devices. A key to constructing useful optical interconnections is to efficiently excite resonant surface plasmon modes on a metallic surface. It is well known that SPP modes cannot be excited by free-space planewave modes since their dispersion lies below the light cone, however they can be excited by the evanescent mode tail of a single mode dielectric waveguide. This phase matching between the dispersive mode in the dielectric waveguide and the SPP mode is shown in Fig. (1) A), and can be described by simple coupled mode theory. If the waveguide is in close proximity to the metal film, we find nearly complete power transfer into the guided SPP mode. The SPP mode is strongly bound to the metallic surface, so strongly in fact that the presence of another metal forming a subwavelength channel does not greatly alter the propagation. SPP propagation in this subwavelength channel is shown in Fig. (1) B) , where the mode propagates in a 40 nm metal-insulator-metal channel. The fnal requirement for optical interconnection is to route optical signals to active devices in front end layers. Fig. (1) C) shows an SPP via layer. The SPP via works by directionally coupling into a guided SPP mode which subsequently turns the corner and propagates in the via channel that acts as a transmission line. By proper conversion at the via termination by a photodetector or rectifier, we can envision switching transistors or other electronic devices with SPP signals.
As an illustration of the utility of directional coupling between dielectric waveguides and metal surfaces, compact passive SPP devices have been designed and fabricated. In Fig(2) A) we show the predicted transmission thru a waveguide polarizer as a function of the metal offset distance. From the figure it is clear that the mode polarized perpendicular to the metal interface is nearly completely extinguished, while the mode polarized parallel to the interface is unaffected. The inset shows the directional coupling mechanism; SPP's are formed on the metal surface and radiate from the termination. Fig. (2)  B) shows the experimental polarized transmission thru a Si nitride waveguide with Cu metal via blocks on either side. The transmission minima for polarization perpendicular to the metal is clearly seen, even though the device length of 7.7 microns is not optimal.
The directional coupling into SPP modes need not occur at the surface of a planar metal film. If the metals are placed near the corner of a dielectric waveguide,
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TuB2.3 11.30 -11.45 U.S. Government work not protected by U.S. copyright corner SPP modes can be excited and these modes can have dramatic effect on the polarization in the Si nitride waveguide. A condition for the excitation of SPP modes is that the electric field is polarized normal to the metal surface, therefore at a metallic corner two orthogonal polarization states exist. These corner SPP modes are related to channel modes seen in v-groove channels and can be made low loss. Fig. (3) A-B) illustrates a simple integrated on-chip polarizer/analyzer structure. The effect of the corner metal is seen to rotate the polarization of the Si nitride waveguide. For offset distances below 200 nm, we see nearly 90 degree rotation in the square cross-section Si nitride waveguide. Fig. (4) A) shows the expermental polarization rotation of a single metal decoration approximately 60 nm away from the waveguide corner. The single sided rotator can rotate the polarization by 45 degrees, and a full 90 degree rotation can only be achieved with the two sided rotator. The corner SPP mode excitation results in a helical power flow in the waveguide illustrated in Fig.(4) B) where the Poynting streamlines for the waveguide by itself do not have any vorticity. These simple passive polarization devices, the polarizer and polarization rotato, enables the complete control of the polarization state of the mode in the dielectric waveguide and can all be described by simple coupled mode theory. The directional coupling into SPP modes allows for manipulation of light at nanometer scales and enables control of polarization and routing of signals. This hybrid integrtation of dielectric waveguide and passive and active SPP devices will be important for on-chip optical interconnects as well as other novel devices which require nanoscale optical confinement.
